Introduction {#S0001}
============

Traumatic subarachnoid hemorrhage (SAH) is the pathologic presence of blood within the subarachnoid spaces, typically the superficial sulci along the cerebral convexities.[@CIT0001],[@CIT0002] It is the second most common acute brain injury finding on computed tomography (CT) in traumatic brain injury (TBI) patients.[@CIT0003] Traumatic SAH in patient with mild TBI is a favorable finding not likely to require surgical intervention;[@CIT0001]--[@CIT0007] the mortality rate in these patients is not different from that in concussion patients.[@CIT0003] Some investigators have even proposed that routine neurosurgical consultation[@CIT0006] or intensive care unit admission is not mandatory in the absence of other significant trauma or clinical deterioration.[@CIT0001],[@CIT0007]

However, if the traumatic SAH arises at the base of the brain, it can be a life-threatening condition.[@CIT0008],[@CIT0009] Although basal SAH usually results from a nontraumatic cause such as aneurysm rupture or vascular malformation, trauma is also a cause.[@CIT0008] Basal traumatic SAH is very rare, representing only 1.8% of all SAH cases diagnosed during autopsy.[@CIT0010] Its CT finding and clinical course are totally different from those of usual traumatic SAH arising within the convexity of superficial sulci. The vast majority of basal traumatic SAHs are associated with rupture of vertebrobasilar arteries.[@CIT0008],[@CIT0009]

In this report, we present the case of a patient with basal traumatic SAH. Our case is unique in that the basal traumatic SAH originated from a traumatic rupture of the posterior communicating artery (PCoA). To the best of our knowledge, this is the first reported case of basal traumatic SAH resulting from rupture of the PCoA.

Case Report {#S0002}
===========

The case review was conducted according to all guidelines outlined in the Declaration of Helsinki. Written informed consent for publication of any case details and any accompanying images was obtained from the patient's family. A 77-year-old male was taken to our emergency department after being found at the foot of a flight of stairs in a semicomatose state. Although nobody witnessed the fall, the trauma was apparent from multiple abrasions and bruising on the face and chest. Upon arrival at the emergency room, the Glasgow coma scale (GCS) score was 6 (E1M3V2), and the pupil size and light reflex were intact. The neurologic examination demonstrated no focal neurologic deficits, including motor weakness or sensory change in all four extremities. The patient had no underlying disease such as hypertension, diabetes, or heart disease, and did not take any medication that induces coagulopathy.

Initial CT of the brain disclosed diffuse SAH of the basal cistern, accompanying intraventricular hemorrhage (IVH), and hydrocephalus, which are common in nontraumatic aneurysmal SAH ([Figure 1](#F0001){ref-type="fig"}). Despite the external wounds and skull fracture, the appearance of the SAH was different from that of usual traumatic SAH, which typically shows small amounts of blood in the sulci of the cerebral convexities. We suspected that an aneurysm might have ruptured spontaneously just before the patient fell down the stairs, causing trauma secondarily. However, the subsequent head and neck CT angiography failed to reveal a cerebral aneurysm or other vascular malformation that could give rise to basal SAH.Figure 1Initial non-enhanced brain CT showing basal SAH.**Notes:** (**A**) Diffuse and thick SAH at the base of brain including the basal cistern, (**B, C**) accompanying IVH and hydrocephalus, and (**D**) the pneumocephalus (white arrow) suggesting basal skull fracture.**Abbreviations:** CT, computed tomography; SAH, subarachnoid hemorrhage; IVH, intraventricular hemorrhage.

We performed extraventricular drainage (EVD) emergently at the right Kocher's point to relieve the hydrocephalus. The opening pressure was as high as 15 cm H~2~O and the intracranial pressure (ICP) decreased after draining the bloody cerebrospinal fluid (CSF). However, the patient showed minimal neurologic improvement postoperatively.

After stabilizing the ICP, we performed digital subtraction angiography (DSA) to identify a cerebral aneurysm or other vascular malformation that might have been missed on CT angiography. The DSA disclosed a 1.8 mm sized traumatic pseudoaneurysm at the mid-portion of the right PCoA that was inapparent on CT angiography ([Figure 2](#F0002){ref-type="fig"}). We observed extravasation of contrast media from it, resulting in basal SAH ([Figure 2B](#F0002){ref-type="fig"}). In this manner, because no other aneurysm or pre-existing vascular abnormality was found on DSA, the patient's basal SAH was confirmed as traumatic in origin.Figure 2Subsequent DSA disclosing the rupture point at the mid-portion of the right PCoA.**Notes:** (**A, B**) A pseudoaneurysm (black arrow) of the right PCoA and the extravasation of contrast media (black arrowhead) (**A**) oblique view, (**B)** lateral view. (**C, D**) Three-dimensional DSA showing a pseudoaneurysm (white arrow), 1.8 mm in diameter (**C**) oblique view, (**D**) lateral view).**Abbreviations:** DSA, digital subtraction angiography; PCoA, posterior communicating artery.

After confirming adequate blood flow of the right posterior cerebral artery through the posterior circulation, we performed endovascular trapping from the mid- to distal portion of the right PCoA using coils ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}). There was no intraoperative unexpected event or thromboembolic complication. Postoperatively, we confirmed the absence of extravasated contrast media and intactness and patency of the collateral vessels ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}). Despite successful trapping of the PCoA, the patient had an unfavorable clinical course. Although the patient's mental status improved minimally, to stuporous mentality, the hydrocephalus persisted, requiring repeated EVD. The patient did not recover alert mentality and was transferred to another local hospital.Figure 3Endovascular surgery and postoperative DSA.**Notes:** (**A, B**) Trapping of the right PCoA using coils (**A**) oblique view, (**B**) lateral view. (**C**) Complete occlusion of the right PCoA after the trapping and (**D**) intact flow of the right posterior cerebral artery after the trapping (**C**) lateral view, (**D**) anteroposterior view).**Abbreviations:** DSA, digital subtraction angiography; PCoA, posterior communicating artery.

Discussion {#S0003}
==========

Traumatic SAH is a common radiologic finding on CT after blunt TBI.[@CIT0001],[@CIT0005] The incidence of isolated traumatic SAH is reportedly up to 82% in patients with mild TBI.[@CIT0002] CT imaging in these cases most commonly shows small amounts of blood in the sulci of the cerebral convexities.[@CIT0011] It was clear that our patient had sustained trauma, considering the multiple external wounds and skull fracture on initial CT. However, CT images showed a basal SAH, which usually results from a nontraumatic cause such as aneurysm rupture or vascular malformation, rather than a convexity SAH.[@CIT0008],[@CIT0010] The basal traumatic SAH observed in our case is a rare finding.[@CIT0010] Thus, we considered that the basal SAH in our patient might have stemmed from nontraumatic aneurysm rupture, followed by falling down the stairs, until the DSA demonstrated the traumatic pseudoaneurysm and the extravasation of contrast media verified it as the origin of bleeding.

Traumatic intracranial aneurysms are rare, accounting for less than 1% of all intracranial aneurysms.[@CIT0012],[@CIT0013] Pseudoaneurysms are considered to be the most common type of traumatic aneurysms.[@CIT0012] Their risk of re-bleeding is high because they increase in size faster than true aneurysms,[@CIT0012] and re-bleeding may occur after resorption of surrounding edema and hematoma.[@CIT0011]

Although we describe the traumatic vascular lesion in our patient as a pseudoaneurysm, the condition of the arterial wall has not been confirmed pathologically. Because we performed endovascular surgery instead of craniotomy, there were limitations to explore the bleeding focus meticulously and we could not acquire any specimens for pathologic examination. Thus, the radiologic image was practically the only information to differentiate the pseudo- from true aneurysm. Most PCoA aneurysms originate from the junction of internal carotid artery (ICA) with PCoA and few of them arise from PCoA itself.[@CIT0014]--[@CIT0016] Only 0.1%-2.8% of all intracranial aneurysm arises from PCoA itself like our cases.[@CIT0014]--[@CIT0016] And the size of our aneurysm was only 1.8 mm, which was not detectable on CT angiography. We think that it was much smaller than most true aneurysms which are commonly seen in basal SAH. Although the location and size suggest pseudoaneurysm in our case, it is difficult to completely rule out the probability of traumatic rupture of pre-existing true aneurysm without pathological confirmation. Basal traumatic SAH is known to be primarily associated with rupture of the vertebrobasilar arteries.[@CIT0008],[@CIT0009] However, the rupture point in our patient was located at the mid-portion of the right PCoA, which has not been previously reported regardless of the type of aneurysm.

Unlike an idiopathic aneurysm where a true aneurysm wall exists, a pseudoaneurysm does not have a true wall and cannot be packed with detachable coils.[@CIT0017] Thus, the more applicable treatment option is total occlusion of the affective vessel.[@CIT0017] In this case, we occluded the ruptured PCoA from the mid- to distal portion by an endovascular approach and checked the patency of collateral vessels. Because bleeding was ongoing during the DSA, we opted to perform immediate endovascular surgery rather than conventional open surgery.

Nevertheless, the clinical outcome of our patient was unfavorable, probably owing to the extensive initial insult, which caused thick SAH, IVH, and hydrocephalus. The patient's traumatic SAH originated from rupture of a major artery in the circle of Willis, where collateral vessels are abundant. Unlike our case, most cases of traumatic SAH are caused by bleeding from small superficial veins rather than arteries.[@CIT0011] In contrast to most cases of isolated traumatic SAH, which has favorable outcomes,[@CIT0005],[@CIT0018] basal traumatic SAH is a life-threatening condition.[@CIT0008],[@CIT0009]

In basal traumatic SAH, the proposed mechanisms of vertebral artery (VA) injury are: 1) direct trauma to the vessel, 2) extensive stretching of the vessel during hyperextension or rotation of the neck, 3) oscillation of the brain with shearing force, and 4) increased intravascular pressure.[@CIT0009] Saito et al[@CIT0013] also proposed that the mechanisms of traumatic aneurysm of the supraclinoid ICA are: 1) direct injury due to a basal skull fracture, 2) overstretching or torsion of the ICA, and 3) possible tearing by nearby prominent bony structures such as the anterior or posterior clinoid process. Before applying these mechanisms to our case, we believe the anatomical differences between the PCoA and these other vessels should be considered.

Considering the skull fracture in our patient, there must have been a certain degree of direct trauma to the PCoA. However, we think that the impact was not a major contributor to the vascular injury, because the direct trauma did not produce cerebral parenchymal damage such as contusion or intracerebral hemorrhage near the PCoA. Also, the PCoA is surrounded by brain tissue and CSF, which buffer the external impact. Moreover, there is no prominent bony structure along the course of PCoA, unlike that of the ICA, which has the anterior or posterior clinoid process nearby. Therefore, we believe that the effect of direct trauma to the PCoA is unlikely to be same as that of direct trauma to the VA or ICA. Furthermore, the PCoA runs deep in the skull base far from the craniocervical junction and is not likely to be affected by neck motion, in contrast to the VA, which is vulnerable to extensive stretching during excessive neck motion.

We believe that oscillation or other movement of the brain must have played an important role in our case. Oscillation of the brain may have induced overstretching or torsion of the PCoA and its perforators at the time of impact, producing their rupture. The cerebral atrophy in our patient likely affected the extent of brain oscillation and the consequent injury to the PCoA. Sato et al[@CIT0008] also reported the case of traumatic basal SAH from atrophic cerebellum. Because the brain did not fully pack the cranial cavity, it was more movable at the time of trauma, causing mechanical stress of the PCoA and its perforators.[@CIT0008]

Conclusion {#S0004}
==========

To the best of our knowledge, this is the first reported case of basal traumatic SAH originating from rupture of the PCoA. We believe that a meticulous vascular workup is mandatory in patients with basal SAH, even with a clear trauma history, because the hemorrhage may originate from a traumatic pseudoaneurysm and the treatment and outcome are totally different from those of usual traumatic SAH.
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